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(54) Method and apparatus of forming thin films 

(57) An apparatus of forming thin films, which is 
small and requires a short thin-film formation time, is pro- 
vided which comprises at least one physical vapor dep- 
osition device and at least one chemical vapor deposition 
device, wherein said physical vapor deposition device 
and said chemical vapor deposition device are provided 
with an exhaust pipe respectively for connection with a 
common exhaust means and an exhaust switching 
means. A method of forming thin films using this appa- 
ratus is also provided. According to the configuration in 
which the exhaust switching means 1 is connected via 
exhaust pipes 2a, 2b, and 2c to the physical vapor dep- 
osition device 3, to the chemical vapor deposition device 
4, and to the exhaust means 5, this apparatus can be 
accomplished in a small size which has at least two 
chambers and one exhaust means. In this way, thin films 
can be formed in a short thin-film formation time with a 
small apparatus, since vapor of a starting material which 
is led in at the time of chemical vapor deposition does 
not enter the physical vapor deposition device. 
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Description 

This invention relates to a method and an apparatus 
of forming thin films, which is characterized by connect- 
ing a physical vapor deposition device and a chemical 
vapor deposition device, which is small and requires a 
short thin-film formation time. 

Recently, the technique has been eagerly developed 
to process various materials of conductor, semiconduc- 
tor, dielectrics, magnetic body, and superconductor into 
thin films to be used to manufacture thin film devices. 
Large numbers of apparatus for forming a thin film have 
been developed according to the objective. Among them, 
there is an apparatus of forming thin films which can per- 
form a physical vapor deposition and a chemical vapor 
deposition in the same chamber (e.g., Laid-open Japa- 
nese Patent Application No. (Tokkai Hei) 5-109655). We 
manufactured a thin-film formation apparatus with the 
same principle shown in FIG. 5. This apparatus is con- 
figured such that an electrode integrated with a substrate 
heater 51 and an electrode 52 are disposed inside a 
reaction chamber 50, and the electrode 52 is connected 
to a high-frequency generator (rf (radio-frequency) gen- 
erator) 53. Also, a substrate 54 is placed on the electrode 
integrated with a substrate heater 51 , and the substrate 
heater integrated electrode 51 is rotated during the film 
formation by a substrate rotary system 55. 56 represents 
an exhaust system for enhancing a vacuum degree 
inside the reaction chamber 50. 57 represents a pipe for 
letting in vapor which arised by vaporizing a starting 
material through heating during the chemical vapor dep- 
osition. When a thin film capacitor comprising one kind 
of thin film device shown in FIG. 6 is manufactured using 
this thin-film formation apparatus, argon gas (throughput 
2 SCCM) comprising an inactive gas is first let in from 
the pipe 57 for sputtering. Furthermore, on the upper part 
of the electrode 52, a target 58 for sputtering a lower 
electrode material such as platinum is fixed, and a lower 
electrode 59 such as platinum is formed on top of the 
substrate 54 by means of an rf sputtering method, which 
is one of the physical vapor deposition methods. At this 
time, the temperature of the substrate 54 is about 600°C, 
and the gas pressure inside the reaction chamber 50 is 
about 1.4 Pa. Next, a dielectric film 60 such as Ba^ 
x Sr x Ti03 is formed on the surface of the lower electrode 
59 by a plasma chemical vapor deposition method. This 
film is formed by generating plasma while letting in from 
the pipe 57 the vapor of the starting material (barium, 
strontium, organometal compound of titanium), reactive 
gas (oxygen), and carrier gas (argon). At this time, the 
temperature of the substrate 54 is about 600°C, and the 
gas pressure inside the reaction chamber 50 is about 7 
Pa. Finally, an upper electrode 61 such as platinum is 
formed on the surface of the dielectric film 60 under the 
same conditions as those with the lower electrode 59. 

In addition, it is common to perform the physical 
vapor deposition and the chemical vapor deposition in 
separate devices. 



In the above-mentioned conventional technique, 
there was a problem when a thin film device was manu- 
factured with a thin film formation apparatus which per- 
formed the physical vapor deposition and the chemical 

5 vapor deposition in the same chamber. Namely, when a 
thin film is formed by the physical vapor deposition 
method after a thin film is formed by the chemical vapor 
deposition method, it took an extremely long time to 
clean the inner walls of the chamber or electrodes for 

w increasing the vacuum degree. This was due to the fact 
that the vapor, which was led in by vaporizing the starting 
material through heating during the chemical vapor dep- 
osition, is cooled, caked again, and remains attached on 
the inner walls of the chamber or on the electrodes. 

15 Another problem was that, when the physical vapor dep- 
osition and the chemical vapor deposition are to be per- 
formed in separate devices, it was necessary to secure 
a large area for the installation. 

It is an object of this invention to solve the above- 

20 mentioned problems in the conventional system by pro- 
viding a method and an apparatus of forming thin films, 
which is small and requires a short thin-film formation 
time. 

In order to accomplish these and other objects and 
25 advantages, an apparatus of forming thin films of this 
invention comprises at least one physical vapor deposi- 
tion device and at least one chemical vapor deposition 
device, wherein said physical vapor deposition device 
and said chemical vapor deposition device are provided 
30 with an exhaust pipe respectively for connection with a 
common exhaust means and an exhaust switching 
means. 

Next, this invention includes a method of forming thin 
films using a thin film formation apparatus comprising at 

35 least one physical vapor deposition device, at least one 
chemical vapor deposition device, and a common 
exhaust means, and comprises the steps of connecting 
the exhaust means via an exhaust switching means and 
an exhaust pipe to one of said vapor deposition devices, 

40 performing a deposition on a substrate surface, connect- 
ing the exhaust means via the exhaust switching means 
and an exhaust pipe to the other vapor deposition device, 
and further performing a deposition on the substrate sur- 
face. 

45 It is preferable that a connection part is disposed at 
least at one of exhaust pipes which are present between 
the exhaust switching means and the physical vapor dep- 
osition device and between the exhaust switching means 
and the chemical vapor deposition device. 

so Furthermore, it is preferable that a substrate transfer 
passage having at least one switch valve is connected 
between at least one physical vapor deposition device 
and at least one chemical vapor deposition device, and 
a substrate transfer system for forwarding a substrate 

55 through the substrate transfer passage is connected to 
said physical vapor deposition device or said chemical 
vapor deposition device. 

In addition, it is preferable that a thin film is formed 
on a substrate surface by either said physical vapor dep- 
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osition device or said chemical vapor deposition device, 
said both vapor deposition devices are exhausted, said 
substrate is forwarded to the other vapor deposition 
device of said two vapor deposition devices through said 
substrate transfer passage having a switch valve using 5 
said substrate transfer system, and a thin film is formed 
on the substrate surface, thereby forming thin films with- 
out exposing the substrate to the air. 

It is preferable that the physical vapor deposition 
device forms a thin film without a chemical reaction by 10 
solidifying a gas or ion of a material to be formed into a 
thin film on a substrate surface. 

Furthermore, it is preferable that the physical vapor 
deposition device comprises one device selected from 
the group consisting of a vacuum vapor deposition is 
device, an ion plating device, a sputtering device, an ion- 
containing vapor deposition device, a reactive ion plating 
device, and a molecular beam epitaxy device. 

In addition, it is preferable that the chemical vapor 
deposition device forms a thin film by providing a gas of 20 
a compound comprising composite elements of a mate- 
rial to be formed into a thin film on a substrate surface, 
and by allowing a chemical reaction to take place inside 
the gaseous phase or on the substrate surface. 

Also, it is preferable that the chemical vapor deposi- 25 
tion device comprises one device selected from the 
group consisting of a thermal CVD (chemical vapor dep- 
osition) device, a plasma CVD device, a MOCVD (met- 
alorganic chemical vapor deposition) device, and a 
plasma MOCVD device. 30 

It is preferable that the physical vapor deposition 
device comprises at least one device selected from a 
vacuum vapor deposition device, a sputtering device, 
and an ion plating device, and that the chemical vapor 
deposition device comprises either a plasma chemical 35 
vapor deposition device or a thermal chemical vapor 
deposition device. 

According to the apparatus of forming thin films of 
this invention, the apparatus comprises at least one 
physical vapor deposition device and at least one chem- 40 
ical vapor deposition device, wherein said physical vapor 
deposition device and said chemical vapor deposition 
device are provided with an exhaust pipe respectively for 
connection with a common exhaust means and an 
exhaust switching means. As a result, an apparatus for 45 
forming thin films, which is small and requires a short 
thin-film formation time, can be attained, together with a 
method forming thin films. In particular, according to the 
configuration in which the exhaust switching means is 
connected to the physical vapor deposition device, to the 50 
chemical vapor deposition device, and to an exhaust 
means via exhaust pipes, this apparatus can be accom- 
plished with a small size, which has at least two cham- 
bers and one exhaust means. In this way, thin films can 
be formed in a short film formation time with a small 55 
apparatus, since vapor of a starting material which is led 
in at the time of chemical vapor deposition does not enter 
the physical vapor deposition device. 



The following effects can be obtained by this inven- 
tion: 

(1 ) The apparatus of forming thin films is configured 
such that the exhaust switching means is connected 
to the physical vapor deposition device, to the chem- 
ical vapor deposition device, and to an exhaust 
means via exhaust pipes, so that vapor of a starting 
material which is led in at the time of chemical vapor 
deposition can be prevented from attaching and 
remaining in the physical vapor deposition device. 
Thus, the thin-film formation time can be reduced 
considerably. 

(2) The apparatus of forming thin films is configured 
such that the exhaust switching means is connected 
to the physical vapor deposition device, to the chem- 
ical vapor deposition device, and to an exhaust 
means via exhaust pipes, and a substrate transfer 
passage having at least one switch valve is con- 
nected between the physical vapor deposition 
device and the chemical vapor deposition device, 
and a substrate transfer system for forwarding a sub- 
strate through the substrate transfer passage is con- 
nected to the physical vapor deposition device or the 
chemical vapor deposition device, so that the thin- 
film formation time can be reduced considerably. 

(3) According to this invention, a small apparatus of 
forming thin films which requires a small area for 
installation can be obtained. 

(4) The method of forming thin films using a thin-film 
formation apparatus, which comprises the exhaust 
switching means is connected to the physical vapor 
deposition device, to the chemical vapor deposition 
device, and to an exhaust means via exhaust pipes, 
a substrate transfer passage having a switch valve 
connected between the physical vapor deposition 
device and the chemical vapor deposition device, 
and a substrate transfer system for forwarding a sub- 
strate through the substrate transfer passage con- 
nected to the physical vapor deposition device or the 
chemical vapor deposition device, comprises the 
steps of forming a thin film on a substrate surface by 
either the physical vapor deposition device or the 
chemical vapor deposition device, exhausting the 
physical vapor deposition device and the chemical 
vapor deposition device, forwarding the substrate 
from the physical vapor deposition device to the 
chemical vapor deposition device or from the chem- 
ical vapor deposition device to the physical vapor 
deposition device through the substrate transfer 
passage having a switch valve using the substrate 
transfer system, and forming a thin film on the sub- 
strate surface, thereby forming thin films without 
exposing the substrate to the air. As a result, the thin 
film formation time can be reduced considerably, 
and thin films which have less difference in proper- 
ties can be formed. 
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FIG. 1 is a cross-sectional view showing an appara- 
tus of forming thin films in Example 1 of this invention. 

FIG. 2 is a cross-sectional view showing an appara- 
tus of forming thin films in Example 2 of this invention. 

FIG. 3 is a cross-sectional view showing an appara- 
tus of forming thin films in Example 3 of this invention. 

FIG. 4 is a cross-sectional view showing an appara- 
tus of forming thin films in Example 4 of this invention. 

FIG. 5 is a cross-sectional view showing a conven- 
tional apparatus of forming thin films. 

FIG. 6 is a cross-sectional view of a thin film capac- 
itor. 

This invention will be described in detail by referring 
to the following examples and attached figures. The 
examples are illustrative and should not be construed as 
limiting the invention in any way. 

Example 1 

In FIG. 1, reference numeral 1 represents an 
exhaust switching means, which is connected to a phys- 
ical vapor deposition device 3 via an exhaust pipe 2a, to 
a chemical vapor deposition device 4 via an exhaust pipe 
2b, and to an exhaust means 5 via an exhaust pipe 2c. 
As for the composite elements which have the same 
function as that in the conventional thin film formation 
apparatus shown in FIG. 5, they are provided with the 
same reference numerals. 

A method of manufacturing thin films capacitor 
shown in FIG. 6 will be explained by referring to FIG. 1 . 

First, a silicon substrate 54 was fixed to an electrode 
integrated with a substrate heater 51 which was dis- 
posed in an rf magnetron sputtering device 3 as one 
physical vapor deposition device. Next, a high-frequency 
generator 53 was connected to an electrode 52 which 
has a platinum target 58 fixed on its upper surface. Sub- 
sequently, by means of the exhaust switching means 1 , 
the rf magnetron sputtering device 3 and a turbo molec- 
ular pump 5 comprising one exhaust means were con- 
nected via the exhaust pipes 2a and 2c, and the reactive 
chamber 50 was exhausted until the gas pressure 
reached about 0.5 Pa. Then, argon gas as an inactive 
gas (throughput 2 SCCM) for sputtering was let in 
through a sputter gas inlet pipe 62, and the silicon sub- 
strate 54 was heated at about 600°C. Also, when SOW 
of plasma power was applied for 14 minutes by the high- 
frequency generator 53 (13.56 MHz) while rotating by a 
substrate rotary system 55, a lower electrode 59 made 
of platinum was formed with a thickness of about 1 0Onm. 
At this moment, the gas pressure inside the reactive 
chamber 50 was 1 .4 Pa. 

Next, the silicon substrate 54 formed on the lower 
electrode 59 of platinum was taken out by breaking the 
vacuum inside the rf magnetron sputtering device 3, and 
this silicon substrate 54 was installed to an electrode 
integrated with a substrate heater 51 inside a plasma 
chemical vapor deposition device 4 as one chemical 
vapor deposition device. Subsequently, by means of an 
exhaust switching means 1, the plasma chemical vapor 



deposition device 4 and the turbo molecular pump 5 were 
connected via the exhaust pipes 2b and 2c, and the reac- 
tive chamber 50 was exhausted until the gas pressure 
reached about 3 Pa. Next, for forming a dielectric film 60, 

5 each of the vapors which resulted from heating barium 
dipivaloylmethane {Ba(DPM) 2 , DPIYUCsHtOJ (solid at 
room temperature), strontium dipivaloylmethane 
{Sr(DPM)2} (solid at room temperature), and tetraisopro- 
poxy titanium {Ti^H/OW (liquid at room temperature) 

10 as the starting material was let into the reactive chamber 
50 from a pipe 57 together with argon carrier gas (each 
throughput is 25, 25, 5 SCCM) and oxygen as a reactive 
gas (throughput is 10 SCCM). At this moment, the gas 
pressure inside the reactive chamber 50 was about 7 Pa. 

is Then, the silicon substrate 54 was heated at about 
600°C, and when 1.4 W/cm 2 of plasma power was 
applied for 16 minutes by the high-frequency generator 
53 while rotating by the substrate rotary system 55, the 
dielectric thin film 60 made of Ba^S^TiC^ was formed 

20 with a thickness of about 2 urn. 

Subsequently, the silicon substrate 54 having the 
dielectric thin film 60 formed on the lower electrode 59 
was taken out by breaking the vacuum inside the plasma 
chemical vapor deposition device 4, and this silicon sub- 

25 strata 54 was once again fixed to the electrode integrated 
with a substrate heater 51 in the rf magnetron sputtering 
device 3. In this way, an upper electrode 61 was formed 
under the same conditions as those when the lower elec- 
trode 59 of platinum had been formed. In this instance, 

30 since the vapor of the starting material which was led in 
during the chemical vapor deposition did not enter the rf 
magnetron sputtering device 3, it was unnecessary to 
clean the inner walls of the chamber or the electrodes. 
Therefore, an upper electrode could be formed immedi- 

35 ately after the dielectric film was formed. As a result, 
compared with a conventional thin film formation appa- 
ratus which performs the physical vapor deposition and 
the chemical vapor deposition in the same chamber, thin 
films could be formed with an extremely short time. Fur- 

40 thermore, this configuration had the advantage of reduc- 
ing the area needed to install the apparatus, compared 
with performing the physical vapor deposition and the 
chemical vapor deposition in separate devices. 

45 Example 2 

Another embodiment of this invention will be 
explained by referring to FIG. 2. 

This embodiment differs from the embodiment of 
so FIG. 1 in that a connection part 6 is disposed at the 
exhaust pipe 2a between the exhaust switching means 
1 and the rf magnetron sputtering device 3. 

This configuration has the advantage of separating 
the rf magnetron sputtering device at the connection part 
55 6 and exchanging it easily with other physical vapor dep- 
osition devices. 

Furthermore, the connection part 6 may be disposed 
at the exhaust pipe 2b of between the exhaust switching 
means 1 and the plasma chemical vapor deposition 
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device 4. Also, the device to be exchanged may be other 
chemical vapor deposition devices. 

Ex a m p l e 3 

5 

Another embodiment of this invention will be 
explained by referring to FIG. 3. 

This embodiment differs from the embodiment of 
FIG. 1 in that a substrate transfer passage 8 having a 
switch valve 7 is connected between the rf magnetron 10 
sputtering device 3 and the plasma chemical vapor dep- 
osition device 4, and also that a substrate transfer sys- 
tem 9 is connected to the plasma chemical vapor 
deposition device 4. 

Furthermore, this method of forming thin films differs is 
in that thin films can be formed without exposing the sub- 
strate to the air. In other words, the switch valve 7 was 
closed, and the lower electrode 59 was formed inside the 
rf magnetron sputtering device 3 on the silicon substrate 
54 according to the same method as in Example 1 , and 20 
then, after switching the exhaust switching means 1 to 
the side of the plasma chemical vapor deposition device 
4 and exhausting it. The switch valve 7 was opened, and 
the silicon substrate 54 was forwarded to the side of the 
plasma chemical vapor deposition device 4 through the 25 
substrate transfer passage 8 by the substrate transfer 
system 9. Next, the switch valve 7 was closed, and the 
dielectric thin film 60 of Bai_ x Sr x Ti03 was formed on the 
lower electrode 59 according to the same method as in 
Example 1 through plasma chemical vapor deposition. 30 
After the dielectric thin film 60 was formed, the plasma 
chemical vapor deposition device 4 was sufficiently 
exhausted. While keeping the switch valve 7 closed, the 
exhaust switch means 1 was switched to the side of the 
rf magnetron sputtering device 3, which was then 35 
exhausted. Subsequently, the switch valve 7 was 
opened, and the silicon substrate 54 was forwarded once 
again to the side of the rf magnetron sputtering device 3 
through the substrate transfer passage 8 by the sub- 
strate transfer system 9. Next, the switch valve 7 was 40 
closed, and the upper electrode 61 was formed inside 
the rf magnetron sputtering device 3 on the dielectric thin 
film 60 of Ba-i-xSrxTiOa with the same method as in 
Example 1. 

According to the above-mentioned confirmation, it is 45 
clear that the apparatus of forming thin films in this 
embodiment can form thin films without exposing the sil- 
icon substrate to the air, so that the thin films can be 
formed with less time than in Example 1. Furthermore, 
when a substrate disposed with a film is exposed at high 50 
temperature to the air by breaking the vacuum, a trans- 
formed layer is created at a part of the film surface. As a 
result, the thin film capacitors manufactured in the 
above-mentioned manner tend to show difference in 
properties. However, the apparatus of forming thin films 55 
in this embodiment can form thin films without exposing 
the silicon substrate to the air, thereby enabling reducing 
of the differences in the properties. 



Example 4 

Another embodiment of this invention will be 
explained by referring to FIG. 4. 

This embodiment differs from the embodiment of 
FIG. 3 in that a connection part 10 is disposed at the 
substrate transfer passage 8, and a connection part 6 is 
disposed at an exhaust pipe 2c of between the rf magn- 
etron sputtering device 3 and a turbo molecular pump 5. 
The substrate transfer passage 8 having the switch valve 
7 is connected with the plasma chemical vapor deposi- 
tion device 4, and the substrate transfer system 9 is con- 
nected to the plasma chemical vapor deposition device 
4. This configuration has the advantage of cutting off the 
rf magnetron sputtering device at the connection parts 6 
and 10, and exchanging it with other physical vapor dep- 
osition devices. 

In addition, the connection parts 6 and 10 may be 
disposed at an exhaust pipe 2b of between the exhaust 
switching means 1 and the plasma chemical vapor dep- 
osition device 4. Furthermore, the device to be 
exchanged may be other chemical vapor deposition 
devices. 

Also, the embodiments of this invention used the rf 
sputtering device as the physical vapor deposition 
device, but the same effects can be obtained by using a 
vacuum vapor deposition device or an ion plating device. 
Furthermore, the plasma chemical vapor deposition 
device was used as the chemical vapor deposition 
device, but the same effects can be obtained by using a 
thermochemical vapor deposition device. In addition, the 
substrate is not limited to the silicon substrate which was 
used here, but other semiconductor substrates, for 
example, a conductive substrate such as metal, glass, 
an insulating substrate such as ceramics, gallium arse- 
nide may be used as well to obtain the same effects. Also, 
the thin films formed are not limited to the dielectric thin 
films of platinum and Ba^S^TiC^ described here, but 
other conductive thin films, other dielectric thin films, 
semiconductor thin films, magnetic thin films, and super- 
conductive thin films may be used to obtain the same 
effects. Furthermore, it was explained in the above-men- 
tioned embodiments by using one rf sputtering device 
and one plasma chemical vapor deposition device, but 
the configuration is not limited to this, and the number 
can be increased, if necessary. Also, the substrate trans- 
fer system may be connected to the physical vapor dep- 
osition device instead of the chemical vapor deposition 
device. In addition, as for the exhaust means, an oil dif- 
fusion pump or a dry pump may be used instead of the 
turbo molecular pump which is one kind of mechanical 
pump. The switch valve disposed at the substrate trans- 
fer passage may be two or more, if necessary. 

Claims 

1. An apparatus of forming thin films comprising a 
physical vapor deposition device and a chemical 
vapor deposition device, wherein said physical 
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vapor deposition device and said chemical vapor 
deposition device are provided with an exhaust pipe 
respectively for connection with a common exhaust 
means and an exhaust switching means. 

5 

2. The apparatus of forming thin films as claimed in 
claim 1 , wherein a connection part is disposed at 
least at one of the exhaust pipes which are present 
between the exhaust switching means and the phys- 
ical vapor deposition device and between the w 
exhaust switching means and the chemical vapor 
deposition device. 

3. The apparatus of forming thin films as claimed in 
claim 1 , further comprising a substrate transfer pas- 15 
sage having at least one switch valve, extending 
between the physical vapor deposition device and 

the chemical vapor deposition device, and a sub- 
strate transfer system for forwarding a substrate 
through the substrate transfer passage connected 20 
to said physical vapor deposition device or said 
chemical vapor deposition device. 

4. The apparatus of forming thin films as claimed in 
claim 1, wherein the physical vapor deposition 25 
device forms a thin film without a chemical reaction 

by solidifying a gas or ion of a material to be formed 
into a thin film on a substrate surface. 

5. The apparatus of forming thin films as claimed in 30 
claim 4, wherein the physical vapor deposition 
device is selected from the group consisting of a vac- 
uum vapor deposition device, an ion plating device, 

a sputtering device, an ion-containing vapor deposi- 
tion device, a reactive ion plating device, and a 35 
molecular beam epitaxy device. 

6. The apparatus of forming thin films as claimed in 
claim 1, wherein the chemical vapor deposition 
device forms a thin film by providing a gas of a com- 40 
pound comprising composite elements of a material 

to be formed into a thin film on a substrate surface, 
and by allowing a chemical reaction to take place 
inside the gaseous phase or on the substrate sur- 
face. 45 

7. The apparatus of forming thin films as claimed in 
claim 6, wherein the chemical vapor deposition 
device is selected from the group consisting of a 
thermal CVD (chemical vapor deposition) device, a so 
plasma CVD device, a MOCVD (metalorganic 
chemical vapor deposition device), and a plasma 
MOCVD device. 

8. A method for forming thin films using an apparatus ss 
which comprises at least one physical vapor depo- 
sition device, at least one chemical vapor deposition 
device, and a common exhaust means, the method 
comprising the steps of: 



10 

connecting the exhaust means to one of said 
vapor deposition devices via an exhaust pipe and an 
exhaust switching means; 

forming a deposit on a substrate located in 
said one of said vapor deposition devices; 

transferring the substrate to the other of said 
vapor deposition devices; 

connecting the exhaust means to the other of 
said vapor deposition devices via the exhaust 
switching means and an exhaust pipe; and 

forming a further deposit on the substrate. 

9. The method of forming thin films as claimed in claim 
8, wherein a connection part is disposed at least at 
one of exhaust pipes which are present between the 
exhaust switching means and the physical vapor 
deposition device and between the exhaust switch- 
ing means and the chemical vapor deposition 
device. 

1 0. The method of forming thin films as claimed in claim 
8, further comprising a substrate transfer passage 
having at least one switch valve connected between 
at least one physical vapor deposition device and at 
least one chemical vapor deposition device, and a 
substrate transfer system for forwarding a substrate 
through the substrate transfer passage is connected 
to said physical vapor deposition device or said 
chemical vapor deposition device. 

1 1 . The method of forming thin films as claimed in claim 
10, wherein a thin film is formed on a substrate sur- 
face by either said physical vapor deposition device 
or said chemical vapor deposition device, said both 
vapor deposition devices are exhausted, said sub- 
strate is forwarded to the other vapor deposition 
device of said two vapor deposition devices through 
said substrate transfer passage having a switch 
valve using said substrate transfer system, and a 
thin film is formed on the substrate surface, thereby 
forming thin films without exposing the substrate to 
the air. 

12. The method of forming thin films as claimed in claim 
8, wherein the physical vapor deposition device 
forms a thin film without a chemical reaction by solid- 
ifying a gas or ion of a material to be formed into a 
thin film on a substrate surface. 

1 3. The method of forming thin films as claimed in claim 
12, wherein the physical vapor deposition device is 
selected from the group consisting of a vacuum 
vapor deposition device, an ion plating device, a 
sputtering device, an ion-containing vapor deposi- 
tion device, a reactive ion plating device, and a 
molecular beam epitaxy device. 

1 4. The method of forming thin films as claimed in claim 
8, wherein the chemical vapor deposition device 
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forms a thin film by providing a gas of a compound 
comprising composite elements of a material to be 
formed into a thin film on a substrate surface, and 
by allowing a chemical reaction to take place inside 
the gaseous phase or on the substrate surface. 5 

1 5. The method of forming thin films as claimed in claim 
14, wherein the chemical vapor deposition device is 
selected from the group consisting of a thermal CVD 
device, a plasma CVD device, a MOCVD device, 10 
and a plasma MOCVD device. 
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